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5.0 RCM AE DATA SOURCES, ANALYSIS & TOCLS

There are several data analysis techniques which are useful for
RCM pur poses; fromthe typical statistical processes found in an
academc text like regression analysis, to special techniques
devel oped for wuse in specific circunstances |ike the Wi bull
anal ysis. Personnel responsible for the devel opnent, managenent,
and inplenentation of PM tasks nmust have an understanding of the
vari ous techni qgues and know when each i s appropriate.

The anal ysis processes and data sources that an anal yst shoul d be
most famliar wth, and are nobst commonly used, are discussed
within this section.

5.1 Data sources. Foll owi ng are several sources for obtaining
data required for RCM analysis or AE. This list is not all-
i ncl usi ve.

5.1.1 Aviation 3-MData. Navy 3-Mdata will probably be the npst
wi dely used data source for RCM analysis and contains various

mai nt enance and flight data. Following are several nethods of
accessi ng 3-M dat a.

a. NALDA
b. ECA reports
c. LMDSS

d Naval Avi ation Maintenance Support Ofice (NAVSO
Mai nt enance/ Fl i ght Hour Reports

e. SRC dat abase

f. Engi ne Conponent | nprovenent Feedback Reports (ECI FR)
5.1.2 I SST/IPT In-Service Engineering Data. The follow ng data
shoul d be collected, archived, and nade available for analysis.
Sone prograns have automated databases which contain various
“logs” which track the data and allow for tinely autonmated
retrieval of historical data.

a. Technical Directives (TDs)

b. Els

c. Hazard Reports (HRs)

d. HWRs
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e. Depot Mintenance Data Sheets

f. Structurally Significant Item Reports (SSIRs)

g. Aircraft Service Period Adjustnent (ASPA) Reports

h. MERs

i. RCMH story Logs

j. TPDRs

k. Aircraft Bureau Nunber (BUNO) Data

. Mscellaneous H story Data
5.1.3 Contractor Anal yses/Reports. Through contract requirenents,
contractor data should be delivered to the governnent. This data
contains various analysis reports which are essential inputs for
RCM anal ysi s such as:

a. Fracture Mechanics Anal ysis Reports

b. Stress Analysis Reports

c. Loads Analysis

d. AE Analysis Reports
5.1.4 Default Data. In the absence of cost/logistical data the
NAVAI R Level of Repair Analysis (LORA) Default Data Cuide should
be reviewed and utilized as applicable.
5.2 Degradation Analysis. Degradation analysis uses evidence of
physi cal or functional degradation as a basis for the design of a
PM task. A specific degradation analysis focuses on the single
EFM which drove the PM requirenent, not wupon the general
equi pnment deterioration. The analysis wuses neasurenents to
determ ne the onset and rate of progression of a condition that
is expected to be highly correlated to the specific EFM There
are many kinds of degradation. Sone of the nost conmon are:

a. Wear (material |oss due to abrasion or erosion)

b. Corrosion (material |oss due to chem cal reactions)

C Har deni ng/ Softening (particularly characteristic of non-

d. Cracking (often associated with fatigue)
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Degradation analysis is nost appropriately perforned in
association with OC PM tasks. Its primary purpose is to either
verify the effectiveness of an existing OC task interval, or
adjust the interval to the optimal frequency. This is done by
devel oping degradation curves (wear versus tinme, area of
corrosion versus tine, wetc.), defining a potential failure
condition, then determning the interval between potential and
functional failure. From the interval between potential and
functional failure, task intervals can be devel oped which wl
avoi d functional failures.

5.3 Survival Analysis. Survival analysis is a generic termthat
describes the analysis of censored data. D fferent conputer
prograns have different techniques for handling and analyzing
t hese dat a. Several exanples of survival analysis are provided
bel ow.

5.3.1 Life Regression. Statistical Analysis Software (SAS) uses
Life Regression (PROC LIFEREG for data with right-, left-, and
interval -censored data; and PROC LIFETEST for data that are
right-censored. LIFETEST conputes nonparanetric estimates of the
survival distribution and conputes rank test for association of
the response variable wth other variables. The surviva
estimates are conputed within defined strata |evels, and the rank
tests are pooled over the strata and are therefore adjusted for
strata differences. The Weibull distribution is one of severa
distributions that can be allowed in the LIFEREG procedure.
O her distributions include exponential, gamma, and | ognornal.
(Reference, SAS manual chapters 15, 25, 26 - LIFEREG LI FETEST)

5.3.2 Wei bull Analysis. A Wibull Analysis is a statistica
techni que useful for various aspects of failure analysis which
provides accurate failure predictions for an entire population
based on limted failure data. The Weibull Analysis Handbook
(AFWAL- TR- 83-2079) provides instructions in the use of Wi bul

Anal ysi s. The Weibull-Based Parts Failure Analysis Conputer
Program User’s WManual (NADC-89089-60), provides the background
and descri bes the usage of conputer codes used to analyze failure
characteristics using the W.ibull distribution. Wei bul I sm t ha
software is a wuseful tool for performng Wibull analysis.
Wei bul | Anal ysis can provide informati on such as the foll ow ng:

a. The conditional probability of failure of a part at a
gi ven age

b. The expected nunber of failures over any future tine
period (Values of the Wibull slope can be conpared wth
hi storical trends of other equipnent in order to fit the type of
failure characteristics)
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C. The type of failure node, i.e. infant nortality,
wear - out, batch problens, conbinations of failure nodes, etc.

d. The percentage of itens expected to fail by a given age

e. The i npact of design changes on failure risk

f. The nunber of sanples required for specific AE

i nspections

The advantages of the Wibull analysis nethodology are that it
provi des the foll ow ng:

a. A graphical solution by analysis of plotted curves

b. The type of analysis relating to slope of possible
failure nodes can be expanded by inspecting libraries of past
Wei bul | curves

C. It is useful even with inadequate data such as smal
sanples, m xtures of failure nodes, chart origin being other than
zero, use of alternate scales other than tinme; nonserialized
parts or conponents where the tinme accunul ated on the part cannot
be clearly identified, and the construction of a Wibull curve
when there is not failures at all, only success data

d. Little difficulty making graphic conparisons to
determ ne best distributions fit to the data because there are
only a few alternatives in the Weibull distribution

e. Weibull analysis can be perfornmed by new engi neers after
trai ning provided by the manua

f. The manual contains all of the above curves and
background for operating the nethodol ogy, including two conputer
progranms for estimating Weibull distribution for both conplete
and censored sanpl es

5.3.3 Monte Carlo Analysis. Monte Carlo techniques give you a
way of sinmulating variations in conplex non-linear nodels w thout
running every possible condition. The entire system (weapon
systen) having various failure nodes can be analyzed using this
technique. A Mnte Carlo sinmulation can forecast future risk and
i s necessary when validating a risk analysis. You nust know what
the underlying equations are before applying sone type of random
di stribution of variables in your equation.

5.3.4 Actuarial Analysis. Actuarial analysis is the process of
using life data from an appropriate sanple to determne the
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effect of aging on the conditional probability of failure. The
primary use of actuarial analyses is to determ ne wear-out tines
for either a rework tasks or life-limts. EHR cards are an
excellent method for acquiring the |ife data required for
performng an actuarial analysis. Note that actuarial analysis
requires |ife data, neaning the ages at which all failures occur,
not sinply a count of failures during some particular tinme

peri od. The wusual objective of an actuarial analysis is to
determine the applicability and effectiveness of a schedul ed
rework or discard task. These analyses can also be used to

establish effective intervals for such tasks, or to identify, by
separate examnation, the inpact of the dom nant EFMs on the
overall age reliability relationship. For application of
actuarial analysis to hardware, there are tw products of
interest; the conditional probability of failure curve and the
survival curve.

The conditional probability curve (exanples in FIGURE 5-1),
sonetines called the hazard curve, shows the influence of age on
the probability of failure in a continuous series of tine
intervals. This probability is called a conditional probability,
because it presunes that the item survives to enter each
successive interval. The shape of the conditional probability
curve determnes whether a HI task can be applicable. A
schedul ed rework task is applicable only if there is sone age at
which an item shows a rapid increase in the conditional
probability of failure. This age is not related to the MIBF
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FIGURE 5-1. Conditional Probability of Failure Curves
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The survival curve shows the probability of an item surviving to
a particular age (exanples in FIGURE 5-2). The Survival Curve is
used to determ ne the percentage of itens that wll survive to
the wearout age. The percentage of units that survive determ ne,
in part, the applicability of the HT task. See Appendix E for an
exanpl e of an actuarial analysis.
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Fl GURE 5- 2. Survi val Curves

5.4 Fracture Mechanics. Fracture nmechanics is an analytical
method for determning crack growh rates. Fracture nechanics
analysis predicts the nunber of cycles of sone applied |oad
required to "grow' a crack from detectable size to critical size
at which conplete fracture of the part occurs. |Its primary input
into the RCM analysis is the detectable and critical crack life
(interval from potential to functional failure) for SSI itens
subj ect to cracks.
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